Background: The validity of current guidelines regarding resuscitation of patients in traumatic cardiopulmonary arrest (TCPA) and the ability of emergency medical services (EMS) to appropriately apply them have been called into question. The purpose of this study is to demonstrate the consequences of violating the current published guidelines and whether EMS personnel were able to accurately identify patients in TCPA. Methods: We conducted a retrospective review of our Level I trauma center's database that identified 294 patients over an 8-year period (January 1, 2003, to December 31, 2010) who suffered prehospital TCPA and met criteria for the withholding or termination of resuscitation based on current guidelines. Patient demographics, prehospital/emergency department physiology, survival, neurologic outcome, and hospital charges were analyzed. Results: One of 294 patients (0.3%) survived to reach hospital discharge with a Glasgow Coma Scale score of 6. The total costs incurred for these 294 patients meeting criteria for withholding or termination of resuscitation were $3,852,446.65. One hundred seventeen (39.8%) patients were evaluated by more than one EMS team. There was 100% agreement on the presence (15 of 15) or absence (102 of 102) of a pulse between the EMS teams. Conclusions: Our data support the current guidelines regarding the withholding or termination of resuscitation of patients in prehospital TCPA and represent the largest series to date on this topic. EMS personnel were able to accurately determine traumatic cardiac arrest in the field in this series. Violation of the current guidelines resulted in six patients being resuscitated to a neurologically devastated state. No loss of neurologically intact survivors would have resulted had strict adherence to the guidelines been maintained.
I
n 2003, The National Association of Emergency Medical Services Physicians and the American College of Surgeons Committee on Trauma (NAEMSP/ACS-COT) established guidelines regarding the termination or withholding of out of hospital resuscitation in traumatic cardiopulmonary arrest (TCPA). 1 These recommendations were made, in part, because of historically low survival rates of only 0% to 2.6% and poor outcomes for survivors receiving prehospital cardiopulmonary resuscitation (CPR) after traumatic arrest. [2] [3] [4] [5] [6] Subsequent attempts to validate these guidelines have had mixed results. 7, 8 One study has even questioned the ability of emergency medical services (EMS) personnel to accurately assess patients in the field. 8 The purpose of this study is to evaluate the consequences of violating current guidelines regarding the resuscitation of patients in prehospital traumatic arrest based on medical outcome and charges incurred by transportation and initial treatment of patients meeting criteria for withholding or termination of resuscitation.
PATIENTS AND METHODS
After institutional review board approval (IRB-MSH #10-22), a retrospective review of all patients with TCPA managed by the Chicago Fire Department and transported to Mount Sinai Hospital from January 1, 2003, to December 31, 2010, was conducted. Cases were identified by review of a prospectively managed trauma registry and a patient list generated by identifying all patients with a principal or admission diagnosis of cardiac arrest (International Classification of Diseases-9th Rev code 427.5). These two lists were cross-referenced and duplicates were excluded. Any trauma patient who arrested in the prehospital setting and received CPR by either the basic life support or advanced life support responding units was considered a TCPA. Survivors were considered patients who were alive at discharge from the study institution to either home or a rehabilitation center. Two investigators (N.M.M. and K.B.) reviewed both the prehospital information sheet and the emergency department (ED) chart for all cases. Inclusion criteria were based on the guidelines proposed by the NAEMSP/ACS-COT (Table 1) : patients 18 years or older (i.e., adults); victims of blunt trauma found by EMS to be apneic, pulseless, and without organized cardiac electrical activity by electrocardiogram (guideline 1); victims of penetrating trauma found by EMS to meet criteria as described earlier in the text, and also without other signs of life such as spontaneous movement, spontaneous respirations, or pupillary response (guideline 2); patients not meeting criteria 1 or 2, but who sustained out of hospital TCPA and had Ն15 minutes of unsuccessful CPR (as defined by a lack of spontaneous return of circulation) and/or transport time of Ն15 minutes after identification of TCPA (guidelines 6 and 7). Exclusion criteria included patients younger than 18 years; arrests secondary to drowning, strangulation, hypothermia, electrocution or fire; patients for whom a nontraumatic cause for cardiac arrest may have preceded their injury; patients transported by agencies other than the Chicago Fire Department; incomplete prehospital records; patients pronounced dead on arrival on scene or en route; and patients who had EMS witnessed TCPA but with Յ15 minutes of total prehospital time. Data collected from prehospital records included patient demographics; mechanism of injury; response times, scene times, transport times, and prehospital CPR times; presence of signs of life; Glasgow Coma Scale (GCS); care administered at scene and/or enroute (e.g., intubation, advanced cardiac life support [ACLS] drugs); and discrepancies in pulse detection in cases when more than one basic life support or advanced life support team assessed the patient. Data collected from hospital records included initial electrocardiogram rhythm, presence of a measureable blood pressure or palpable pulse, use of emergency department thoracotomy (EDT), disposition from the ED, disposition from the intensive care unit, overall survival, and charges incurred for resuscitation of patients meeting criteria for withholding of resuscitation or termination of resuscitation. Patients were grouped and analyzed based on NAEMSP/ ACS-COT withholding or termination of resuscitation guidelines (Table 1 ) using the guideline criteria that were first met (e.g., a blunt trauma patient found pulseless, apneic, and without cardiac electrical activity who had Ն15 minutes of unsuccessful CPR was grouped in guideline 1). Narratives by the treating physician or lead paramedic were given preference when discrepancies were detected in the patient record with regards to the assessment or care provided. In cases of missing prehospital information, at least one attempt was made at acquiring this information.
RESULTS
Four hundred twenty-eight patients with TCPA were identified, of which 134 met exclusion criteria ( Table 2) . Two hundred ninety-four patients were transported to the ED and make up the study cohort. Of these patients, 64 (21.8%) met an emergency department or trauma center of more than 15 min after the arrest is identified may be considered nonsalvageable, and termination of resuscitation should be considered. 8. Guidelines and protocols for TCPA patients who should be transported must be individualized for each EMS system. Consideration should be given to factors such as the average transport time within the system, the scope of practice of the various EMS providers within the system, and the definitive care capabilities (i.e., trauma centers) within the system. Airway management and IV line placement should be accomplished during transport when possible. 9. Special consideration must be given to victims of drowning and lightning strike and in situations where significant hypothermia may alter the prognosis. 10. EMS providers should be thoroughly familiar with the guidelines and protocols affecting the decision to withhold or terminate resuscitative efforts. 11. All termination protocols should be developed and implemented under the guidance of the system EMS medical director. On-line medical control may be necessary to determine the appropriateness of termination of resuscitation. 12. Policies and protocols for termination of resuscitation efforts must include notification of the appropriate law enforcement agencies and notification of the medical examiner or coroner for final disposition of the body. 13 . Families of the deceased should have access to resources, including clergy, social workers, and other counseling personnel, as needed. EMS providers should have access to resources for debriefing and counseling as needed. 14. Adherence to policies and protocols governing termination of resuscitation should be monitored through a quality review system.
ECG, electrocardiogram; IV, intravenous. guideline 1 and 120 (40.8%) met guideline 2 criteria for withholding of resuscitation. Another 110 (37.4%) patients had Ն15 minutes of unsuccessful CPR after identification of TCPA and met criteria for termination of resuscitation (guideline 6). Table 3 lists patient demographics, initial field and ED assessments regarding signs of life, mean Ϯ SD prehospital times, and patient outcomes. At the scene, 117 (39.8%) patients were evaluated by both an advanced life support and basic life support team. There was 100% agreement on the presence (15 of 15) or absence (102 of 102) of a pulse between the two EMS teams. Assessment in the ED showed that 103 (35.0%) patients presented with signs of life, whereas 37 (12.6%) had spontaneous return of circulation upon presentation or during their ED stay. While in the ED, 162 (55.0%) patients received ACLS drugs and 74 (25.2%) patients underwent EDT. Fourteen (4.8%) patients, all of whom were victims of penetrating trauma, were taken to the operating room after EDT. With regard to outcome, eight (2.7%) patients survived to the intensive care unit. Of these eight intensive care unit admissions, four were declared brain dead, one had withdrawal of care, and two died within 24 hours. There was one (0.3%) patient who survived to discharge to a long-term care facility with a GCS score of 6 (Fig. 1 ). There were no organ donors. Table 4 lists the charges incurred for these 294 patients meeting criteria for withholding or termination of resuscitation. Although the charges for the entire study cohort totaled 
DISCUSSION
The ability to accurately predict which patients in prehospital traumatic arrest who are salvageable based on predetermined clinical parameters would have enormous value by avoiding the consequences associated with futile resuscitation of patients in extremis. However, the capability of EMS personnel to accurately assess patients on scene has been called into question. Pickens et al. 8 evaluated the same patient. It was reported that 10.3% of the patients had discrepancies between teams in the detection of a pulse. Likewise, Haley et al. 9 found that 11.5% (77 of 672) of patients who received bystander CPR were inaccurately assessed to be in cardiac arrest by the bystander when compared with assessment by an EMS team. This study found no discrepancy in pulse detection by EMS personnel in the field. Although ACLS training is standardized, it is possible that some assessment discrepancy exists and is the result of differing levels of experience or styles of training but occurs in only the minority of patients in arrest.
Since the publication of the NAEMSP/ACS-COT guidelines, other studies have sought to evaluate their ability to reliably predict mortality. Although the results of a small study of 40 patients reported that the published guidelines were able to reliably predict mortality, 7 a number of other series have had contradicting results. 8,10 -12 Pickens et al. reported on 138 patients who received prehospital CPR and were transported to the ED, of which there were 14 survivors. On the basis of EMS assessments, it was reported that 13 (92.9%) of the survivors would have had resuscitation withheld or terminated if a strict adherence to current guidelines had been followed. 8 However, this conclusion is misleading as it is based on an interpretation of the guidelines in which all signs of life need to be present in order for resuscitation to be commenced. The guidelines regarding the withholding or termination of resuscitation are actually clear in stating that if any signs of life are present in the field, the patient is to have resuscitation performed and be transported to the nearest ED. 1 On the basis of the data presented for their 14 survivors, there are 3 survivors with complete prehospital information who potentially would have been excluded from resuscitation. All three of these patients were significantly neurologically impaired upon discharge (GCSs of 5, 9, and 10), a state the authors of the guidelines considered as "nearly equivalent" 13 to death. Otherwise, all the neurologically intact survivors were identified as having signs of life by EMS and would not have been excluded from further resuscitation based on current guidelines. Another recent study of 89 patients who received prehospital CPR as a result of either blunt or penetrating trauma reported that two of their survivors had the "potential" for withholding of resuscitation based on the NAEMSP/ACS-COT guidelines. 10 However, these conclusions are based on an incomplete field assessment by EMS in which pupillary reactivity and scene electrocardiogram results are not recorded. On the basis of the information reported, one cannot reliably conclude that these TCPA survivors would have been excluded from resuscitation in a more rigorous setting. A European series reported on 909 patients with TCPA in which it was stated that 13 patients had "breached" the current NAEMSP/ACS-COT guidelines. 11 Interpretation of the importance of their results is difficult in an American context. First, this particular EMS system is "physician-led," and 93 victims of penetrating trauma received thoracotomies in the field. Clearly, the enhanced level of care delivered in the field could substantially alter outcomes and may require alternative guidelines. Second, there is no accounting for the neurologic status of the survivors who were reported to have "breached" the NAEMSP/ACS-COT guidelines.
It is important to keep in mind that the guidelines were intended to predict survivors with a functional neurologic outcome. The long-term effects of caring for patients incapable of independent activities of daily living place an enormous emotional and financial burden on the individual's family. Overall survival rates for patients in TCPA have been reported to be 1% to 9% depending on the mechanism. 2, 4, 12, 14 However, 43% to 80% of these survivors are reported to be nonneurologically intact, with 25% to 80% of these patients unable to perform activities of daily living. 2, 4, 12 Resuscitation of TCPA patients to a more severe neurologically devastated state is also under-reported in the literature. Cera et al. 12 reported that 50.9% (27 of 53) of patients in prehospital TCPA who survived to reach hospital admission eventually met criteria for brain death. Although organ donation is a potentially valuable outcome in this setting, donation rates among trauma patients are highly variable (14.7%-40%). [15] [16] [17] In fact, none of the four patients in our study meeting criteria for brain death went on to donate organs. Furthermore, the costs of patients meeting criteria for brain death that do not go on to organ donation can be considerable and are usually passed on to the families. 16 The hospital charges incurred for the patients who met criteria for the withholding or termination of resuscitation were $3,852,446.65. This is an underestimate, as it does not take into account the out-of-hospital charges for care administered by EMS personnel. Two hundred seventyone (92%) of the patients were intubated in the field and 98 (33.3%) received ACLS drugs, in addition to the ambulance ride itself.
TCPA guidelines have been implemented as policy in the region of this study. 17 Given that, why were so many patients meeting criteria for the withholding or termination of resuscitation treated and transported? Guideline 10 states, "EMS providers should be thoroughly familiar with the guidelines and protocols affecting the decision to withhold or terminate resuscitative efforts." Guideline 14 states, "Adherence to policies and protocols governing termination of resuscitation should be monitored through a quality review system." It is possible that a lack of awareness both "on the ground" and at the systemic quality level has contributed to this performance lapse. Furthermore, the institutional policy to perform EDT for penetrating trauma during the study period states that "EDT is appropriate if there is any history of any signs of life either at the scene of injury or on admission to the ED. " This policy is vague, however, with regard to the time frame in which EDT should be undertaken, and what to do with patients in whom signs of life may have been present, but are then subsequently lost (or vice versa); this policy is under review as a result and it is thought that a change in policy will help decrease in-hospital guideline violations. In addition, because of the retrospective nature of this study we are not able to account for differences between the written record and what may have been communicated to the trauma team by EMS personnel which may also have contributed to the number of in-hospital guideline violations. 22 There were no survivors reported for victims of blunt or penetrating trauma who underwent greater than 10 minutes or 15 minutes, respectively, of unsuccessful CPR and subsequently had EDT performed.
In the event of guideline violation in which prehospital resuscitation results in transient spontaneous return of circulation, the subsequent loss of pulse should not result in further aggressive resuscitation in the form of EDT as this can be considered futile care. In summary, our data support the current NAEMP/ ACS-COT guidelines regarding the withholding or termination of resuscitation of patients in prehospital TCPA and represent the largest series to date on this topic. EMS personnel were able to accurately determine traumatic cardiac arrest in the field in this series. Violation of the current guidelines resulted in six patients being resuscitated to a neurologically devastated state. Four of these patients were subsequently declared brain dead, one patient's family requested withdrawal of care due to medical futility, and one was discharged to a long-term care center with a GCS score of 6. No loss of neurologically intact survivors would have resulted had strict adherence to the guidelines been maintained. Resuscitation of these patients meeting criteria for withholding or termination of resuscitation resulted in $3,852,446.65 worth of hospital charges.
